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Abstract 
Although innovation is considered as an engine for the economic growth of the firm, it remains a risky and complex process. 
However, in the current context of international competition, firms can’t survive without innovating. The identification of the
main determinants of an innovation effort by a firm is a subject that has been much discussed in recent studies. This research 
aims to identify the main determinants of the innovation decision of Tunisian companies.  It evaluates the impact of R&D efforts
and other factors reflecting the company's ability to cooperate on the various dimensions of innovation (product, process, 
organization and marketing). In addition, we will check up whether the 24 governorates of Tunisia contribute equally to 
innovation within companies. To do this, we used data on a sample of 620 firms observed by the Ministry of Higher Education 
and Scientific Research in 2008 covering 24 governorates.  Methodologically, we propose in the first place an ordinal logistic 
regression in which the endogenous variable expresses the number of type of innovation made by each firm in the survey (one 
type, two types, three types or four types of innovation). The exogenous variables selected are essentially the activities of R&D
of the company, cooperation with research centres’, the qualifications of the employees, the foreign capital share and the 
turnover. The results of estimating a multi-level model shows that innovation differs from one governorate to another. The results 
of the estimation of an ordinal logit and a multi-level model show up that expending on research and development is a key 
determinant of innovation (odds ratio equal to 5.3) and that it differs from one governorate to another (the variance of weights
assigned to level 2 (governorates) equal to 27.7%) 
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1. Introduction 
Innovation is considered a key element that ensures the survival of businesses, their growth and development. 
Based on the Oslo Manual of the OECD, innovation is defined as a process that allows the company to introduce 
new products or processes on the market or to improve existing products and processes that increase productivity 
and business competitiveness. Indeed, product innovation allows companies to maintain their market position and 
their relationship with their preferred clients while process innovation aims to improve their competitiveness by 
limiting production costs. 
Although innovation is regarded as an engine for economic growth of the business, risky and complex process is 
full of uncertainties and can cause many failures. The identification of the main determinants of an innovation effort 
by a company is a subject that has been much discussed in recent studies. Particular emphasis has been placed on 
R&D as a primary source that can contribute to business innovation capacity.  
Indeed, a positive correlation between internal R&D activities and the results of innovation has been confirmed
by many authors such as J. Vega-Jurado et al. (2008), Shefer et al. (2005), El Elj, M. (2009). In fact, investments in 
research and development increase the ability of the company to acquire new skills. These are evaluated 
economically by creating new products or processes. Cohen and Levinthal (1989, 1990) have shown that the R&D 
activities not only contribute to the generation of new knowledge, but also allow companies to take advantage of 
these involuntary transfers of knowledge or what we call knowledge externalities. Therefore, the R&D activities 
influence the economic growth of the company not only directly but also indirectly by increasing its capacity to 
identify and assimilate external knowledge or in other words its absorption capacity. As a result, empowering the 
innovational system basically implies an increase in spending on research and development. 
Of course, we must admit that not all the companies embrace innovation. Researchers have attempted to 
understand the conditions associated with innovation. A number of questions were asked in their studies: what are 
the factors that foster innovation? By focusing exclusively on R&D, shall we neglect the importance of other 
factors? Do the bulk of the company and the market frame affect the degree of innovation? To what extent are the 
multi-national companies most innovative? Etc… 
However, once we have shown that the behavior appears related, among other things, to the research-
development activity, one hasn’t disposed of an efficient multi-faceted analysis dealing with the spatial effect on 
innovation, at least in Tunisia. 
Thus, besides highlighting the effect of the activity Research-Development on innovation, we question the 
influence of geographical dimensions on sharing innovations. 
Throughout this paper, we use data from the pilot survey entitled "R&D Activities and Innovation in Tunisian 
Companies", developed by the Ministry of Higher Education and Scientific Research and Technology in 2008. This 
survey of innovations and advanced technologies allows us to study the differences between firms that innovate and 
those that do not and what are the stimuli that drive firms to achieve more than one type of innovation? 
This article is divided into two sections. The first section deals with determinants of innovation in Tunisia by 
estimating a simple logit and an ordered logit. The second one shows the effects of regional affiliation of firms on 
the innovational behavior. 
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2. Analysis of the determinants of innovation using a simple and an Ordinal logit  
2.1 Literature Review  
Several empirical studies highlight the determinants of innovation by concentrating on the size of the company, 
the structure of the industry, and competition. Nevertheless, the most important innovation determinant’s is the 
activity of R&D. The value of R&D activity is directly related to the firm's core competencies as well as its effective 
innovative processes. 
Moreover, after extensive research, the link between R&D and innovation requires more clarification and 
amplification due to conceptual and methodological reasons. Based on the impact of investments in R&D on the 
growth of the firm, as admitted in the literature (Co and Chew, 1997), some studies have used these investments as 
an indicator of the ability or predisposition to innovation  (Qian and Li, 2003, Wolff and Pett, 2006), so that R&D is 
relatively confused till today with innovation. 
In addition, the link between R&D and innovation is of great interest for consultants and governments 
(MacPherson, 1997). These latter develop policies and offer services to foster and support R&D and technological 
innovation, with the hope that this will result in an increase in the level of product innovation and firm’s growth 
(Deloitte Researche, 2005, Ouellet and Raoub, 2006). Note, however, that the size effect is not found out when 
one’s interest is on the intensity of innovation. 
In addition to R&D, cooperation strategies with different actors in the industry can be a determining factor in the 
performance of the innovation activity. For example, Fritsch and Lukas (2001) argued that cooperation mainly 
depends upon the specificity of innovation, the company's size and its human capital. Besides (Belderbos, R., 
Carree, M. and Lokshin, B. (2006) Leiponen, A. (2005)), who focused on the impact of cooperation or public 
funding on innovation (Arundel, A., Bordoy., C., Mohnen, P. and Smith, K. (2008), Mohnen, P. and Röller, L.-H. 
(2005)). 
The literature on developed countries usually distinguishes between two main sources of innovation. One is 
internal innovation by the company which focuses on investments in R&D or cooperative activities with suppliers, 
customers, or universities and research institutes. The other one is the acquisition of external technological 
capabilities by purchasing new machines or a license agreement with foreign innovative companies. Fransman 
(1985) points out that technological activities in developed countries can be summarized in the appropriation and 
assimilation of foreign technology and adaptation of production processes in order to effectively use these 
technologies with local resources (manpower , raw materials, etc.). 
Finally, in light of the literature on innovation, there is recognition of the expanse of the market as a determinant 
of firm’s innovation capacity. In other words, there is a positive relationship between competition and innovation 
(Encaoua and Ulph, 2000). 
2.2 Methodology 
2.2.1 Research Goal 
Qualitative answers models are appropriate when the answer to the variable is implicitly discreet. The answer to 
this variable can also be the result of a decision. Indeed, if we analyze for example the answer to the following 
question: Did you innovate? The answer we will be given is yes (we can encode by 1) or no (we can encode zero). 
So we have a binary dependent variable (0/1), which includes a decision with two choices.  
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The use of the usual linear regression model (OLS) implies other problems, insofar as we can get predictions for 
the dependent variable that is not within the range set by the coding performed. OLS are not satisfactory for 
analyzing this variable. Using a logit model helps avoid these problems. 
In the first case the innovation is a binary decision, the choice is made only between two alternatives: 
Then, in the second place the dependent variable becomes orderly noted “INTIN”, we suppose  that the observed 
variable “INTIN” translates the number of innovations realized by the firm, it can take at the moment four values, 
m=4 and i=1… N:  
In our survey, several independent variables are proposed in order to assimilate the most determinants that 
encourage firms to engage in innovation activities: 
R&D is a quantitative variable that reflects the commitment in research and development activities of the 
company. It is set to "1" if the company has carried out R&D activities between 2005 and 2007, and "0" otherwise. 
In our sample, 28% of firms conducted R&D activities. 
COOP: qualitative variable that measures the importance of technology partnership agreements, research or 
training with research laboratories, national, foreign organizations or academic institutions. It is set to "0" if the 
company made no partnership agreement with any organization, "1" if the company achieved at least a partnership 
agreement, and "2" if the company carried 2 or more partnership agreements. In our sample 40% of companies have 
at least signed a partnership agreement. 
EXPS: quantitative variable, measuring the percentage of sales for export. In our database, 70% of firms have 
annual percentage of business export less than 25%. 
TUR: is a quantitative variable that measures the turnover of the firm in 2007. It is codified on an ordinal scale 
from "1" to "5" (TUR1, TUR2, TUR3, TUR4, TUR5). TUR1 is taken as reference. In our sample, 25% of 
companies realize a turnover exceeding 10 million. 
FPP: is a quantitative variable that measures the percentage of foreign participation in the share capital. 
INTSkill: is the variable that measures the pupil ratios of administrative and technical executives in a firm. It is a 
weighting of the total number of executives in the firm's total workforce. 
North, Center and South are qualitative variables that define the geographic location of the firm. It is set to "1" if 
the firm is located in that region and "0" otherwise. 48% of the firms in our sample are located in the north of 
Tunisia. The southern region is the reference for this variable. 
AFI, MEI, CMPGI, Chemicals, MINEN, CTI, OTHIND represent the sectors on which we will focus. The 
transport and communication industry is taken as the reference category. 
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2.2.2 Sample and Data Collection 
Our empirical study is based on the innovation survey conducted by the Tunisian Ministry of Scientific Research, 
Technology and Skills Development in 2008. The survey measures the innovation intensity of Tunisian firms for the 
period 2005–2007. A sample of 804 firms were contacted and required to answer to a questionnaire that included 
their characteristics (recruitment, turnover, exports, foreign capital share, etc.) as well as several items related to 
R&D activities (employee skills, product and process innovation, cooperation with universities, research centers, 
etc.). The questionnaire also included some information about government mechanisms and tools in order to 
promote R&D in Tunisia. After eliminating missing data, we obtain a sample of 620 companies. 
In our empirical model, we examine the effects of some innovation determinants, such as R&D, cooperation, 
foreign capital share, turnover, sectors, etc. on the innovation decision of Tunisian firms. We then examine the 
impact of these determinants on the intensity of innovation of these firms. 
2.2.3 Analyses and Results 
The following table presents the results of the model "logit" estimated by the maximum likelihood method. This 
model allows studying the determinants of firms' innovation decision. (cf. Madala (1989). 
We formulate both models as follows: 
Model 1: binary logit 
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Table1.Results of the Logistic regression 
 Logit simple 
(model1:innov) 
Odds-ratio Ordered model 
(model2:INTIN) 
Odds-Ratio 
EXPS 0.009** 1,009 0.006*** 1,006 
R&D 2.188*** 8,917 1.707*** 5,516 
FPP 0.024*** 1,025 0.008*** 1,008 
COOP 1.15*** 3,159 1.243*** 3,467 
INTSkill -0.001 0,998 0.004 1,004 
North -0.915*** 0,400 -0.89*** 0,410 
Center -1.066*** 0,344 -0.657*** 0,518 
TUR2 0.791** 2,207 0.539* 1,715 
TUR3 0.783** 2,189 0.721*** 2,057 
TUR4 1.034*** 2,813 0.845*** 2,328 
TUR5 0.945*** 2.574 0.975*** 2,653 
AFI 0.668 1,952 0.734** 2,083 
MEI -0.111 0,894 0.429 1,536 
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CMPI 0.289 1,335 0.623* 1,865 
Chemicals 0.722 2,058 1.123*** 3,075 
Minen -0.446 0,639 -0.252 0,777 
CTI -0.554 0,574 0.152 1,165 
OthInd -0.002 0,997 0.496* 1,164 
constant -0.753* - - - 
LR chi2 248.06 - 308.65 - 
Pseudo R squared 0.3015 - 0.1651 - 
*Significant at 10%, **significant at 5%, *** significant at 1%.
From this estimation, we can deduce the results explaining the innovation decision: 
"R&D" variable has a positive and significant coefficient. This means that the R&D activities within the 
company positively influence the firm's innovative behavior. This result is similar to that obtained in most empirical 
studies on the determinants of innovation (see Teoman Pamikçu and Michel Cinera for the case of Turkey 1999 
Moez elElj (2009) and M.ayadi, M M Rahmouni (2011), Yildizoglu (2007) for the case of Tunisia). An undertaking 
R&D activity is nine times more likely to carry out innovative projects that a company does not have a R&D 
department. 
The impact of competitive pressures in export markets over the decisions of firms to innovate was examined 
using the variable "EXPS". This variable has a positive and significant coefficient, which means that the probability 
of having an exporting company engaged in innovation activities is greater than that of a company which does not 
export. Competitive pressures facing companies operating in the global market, bringing these companies to 
increase innovation, use of new technologies and even to implement new more sophisticated business practices and 
better suited to the needs of the export and foreign competition (Freel 2000). Besides the positive impact of 
competition, empirical studies have shown the existence of positive externalities generated by the export activities 
on corporate innovation activities (T. Pamukçu and Mr. Cincera 1999). 
The coefficient of the variable "COOP" measuring learning through interaction, namely collaboration with 
partners to access R&D results outside the company, is positive and statistically significant. Otherwise, the 
likelihood of a company, working with a partner, to achieve an innovation is greater than that of a company that 
works alone, which is consistent with several studies on learning through interaction (M. Lamari, R. Landry and 
N.Amara 2001). The partnership agreements are forms of learning that allow the company to acquire and exploit the 
externalities, in a formal and well-specified framework based on the company's strategy and the human and financial 
capacities. Cooperation with research laboratories, national or foreign organizations representing different modes 
whose objective is unique, filling the lack and inadequacy of internal resources needed for R&D, and the search for 
an allowance optimal resource. 
The most innovative companies show better economic performance in terms of growth and turnover. The "TUR" 
variable has a positive and significant coefficient. This means that the turnover positively influences innovation, this 
seems to be predictable. Companies spend their turnover in various activities related to innovation and R&D. The 
more the amount of innovation and R&D allocated is important, the more likely the company to develop innovative 
projects.  A company with a turnover of belonging to the fifth level TUR5 is three times more likely to achieve 
innovation activities. 
The variable "FPP" has a positive and significant coefficient. This means that foreign private participation plays a 
major role in increasing the activity of innovation for the company. The more the company has an important foreign 
participation in its share capital, the greater is the chance to innovate. This result is fully credible given that foreign 
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ownership leads to a transfer of skills, technology transfer and openness to so obviously the company must boost its 
global market innovation activity in order to compete. 
The staff ratio is measured by the share of engineers and executives in the total workforce of the company. This 
variable has a negative effect (and positive in the second model) but not significant on the innovation behavior 
indicating that staff qualifications do not affect the company's innovation decision. This result is similar to the 
results found by Gabsi, F. Mhenni, H and Koouba, K (2008) and El Elj, M (2009) which showed that staff 
qualifications do not influence the decision for innovation and for the negative sign, it is similar to that found by El 
Elj, M (2009), which showed that staff skill-intensive negatively affect the innovation tasks. 
For the multinomial model the sign of this variable changes and becomes positive; we can say that the staff ratio 
influences the decision of the number of innovations to achieve and not the decision to innovate or not.  
Geographical location: from the southern region taken as the reference category, according to the results of the 
model, companies located in South are more likely to innovate than companies located in North. Those in the center 
have the lowest probability to innovate. 
The explanation of this result is mainly related to the selection of companies in the sample and the existence of 
externalities favorable to technological and strategic innovation. Indeed, the concentration of national economic 
activity in the South region may explain firm’s innovation level of this region through the externalities that are 
offered to companies in terms of technology transfer, public and private research centers, proximity to suppliers, 
customers and a skilled workforce. 
Regarding the industry sectors, the results of our estimation show that, compared with the sector ‘transport and 
telecommunications' taken as the reference category, innovative sectors are: Food and chemicals. These sectors have 
a positive but insignificant coefficient in the binary model. Passing ordered model, these areas become highly 
significant. This can be explained by the specific activities of those sectors that require a high level of quality (the 
requirements of the quality standard) and constant adaptation to market needs and technological movement. The 
participation of foreign capital in these sectors plays an important role in the transfer of technology and knowledge 
for innovation. 
Textiles and clothing have a negative coefficient, but not significant. Indeed, companies in this sector have a low 
rate of innovation despite the fact that much of their production is destined for the international market. This result 
reflects the textile sector situation in Tunisia, which already appears in crisis. The activity of these companies is 
limited only to the execution of orders (subcontracting) on behalf of foreign principals; the latter generally rely on 
the use of a less skilled labor and less expensive. To avoid this crisis it is needed to invest in new ways of 
competitiveness during crumbling old advantages based on the low cost of labor and the emergence of strong 
competitors such as China. 
3. Regional analysis of innovation with a two-level model (random coefficients)   
Innovation is today a determining variable of economic growth as well as the factors, capital and labor. It is also 
the basis for deep changes in society. However, innovation is not equally shared and distributed in all regions of the 
same country (difference between center and periphery, city and companion, north-south, etc.), as of the differences 
between countries, continents or nations. Indeed, some areas suffer from a relative weakness of activities and 
innovative capacities. Therefore the State should play an important role in promoting and stimulating innovation.
The purpose of this section is to consider the influence of geographical size on sharing innovations and R & D 
activities. To do this, we adopt a model on two levels: the individual level (level 1) represented by companies and a 
regional level (Level 2) represented by the governorates. 
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The endogenous variable representing innovation was determined by applying PCA variables describing the 
nature of innovation (process, product, organization or trade) 
Using a two-level model is made possible thanks to the availability of information in each governorate. The idea 
is whether nested enterprises in the governorates are similar to each other in terms of innovation. 
This multi-level analysis allows relaxing the assumption that the effects of innovation characteristics (primarily 
expenditure on research and development) are identical for all governorates. Thus, the coefficients are allowed to 
vary as well, specifying two levels: level 1 and level 2 previously defined. We distinguish in the following two 
models: 
Model 1: The constants of the model are allowed to vary but not the slopes for the variable Research and 
Development (rd). 
 The formulation of the two-level model has the following form: 
Level 1: ijijij rdconsacpin 10 EE  
     Lever 2: ijjij e0000  PEE
With the following definitions: 
Acpin: Refers to the innovation score resulting from the application of principal component analysis to 
multidimensional variable "nature of innovation" containing four modalities, namely, product innovation, 
manufacturing process innovation, organizational innovation and business innovation. 
Cons: unit vector denoting the constant of the model. 
Rd: Variable representing the expenditure in research and development. 
ije0 and j0P  are two error terms associated respectively to level 1 (firms) and level 2 (governorates). 
The estimation results of this model are shown in the following table: 
                             Table2.Estimation results 
 Average Variance 
Slopes associated with Rd 0.916(0.07) 0.211(0.083) 
Constants associated with Rd -0. 399(0.114) 0.552(0.032) 
Graph (a) below shows that innovation differs from one governorate to another depending on Rd. It is around the 
predicted average value ijij rdnacpi 916.0399.0  

(a)
   (b)
Fig. 1. (a) Innovation variation within regions; (b) residual model graphic 
600   Mouna Khiari and Jaleleddine ben Rejeb /  Procedia - Social and Behavioral Sciences  195 ( 2015 )  592 – 602 
The vertical lines of the previous graph (b) represent the confidence intervals (95% level) of the corresponding 
residues at level 2 (governorates). They reflect the difference between innovation governorates. A negative value 
indicates that innovation is below expectations and vice versa.
Model 2: The constants and the slopes are allowed to vary 
Model 1 assumes that the variation between governorates results from constants. However, there is a possibility 
that the slopes also differ between governorates. This implies that the ratio of Rd variable varies from one 
governorate to another. The formulation of such a model takes the following form: 
Level 1 ijjijij rdconsnacpi 10 EE  

Level 2: ijjij e0000  PEE      And jj 111 PEE  
ije0 , j0P   and j1P : are three error terms associated respectively to level 1 (firms), level 2 (governorates intercept) and level 2 (governorate, slope). 
The estimation results of this model are shown in the following table: 
                                 Table3.Estimation results 
 Average Variance 
Slopes associated with governorates 0.858(0.137) 0.157(0.097) 
Constants associated with governorates -0.407(0.108) 0.183(0.076) 
Fig. 2.  Predicted values of innovation by governorate 
Fig.2 shows that contrary to the graph (a) (fig 1) for which the gaits are parallel, the shapes of the predicted values of innovation by 
governorate intersect due to the introduction of a random disturbance at the slopes. 
Implementation of the governorate’s effect by a graphical representation of residues 
As before, to illustrate the regional differences in innovation, we proceed to the graphical representation of 
residue hazards constants and slopes, which have the following shape: 
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Fig. 3. Residue hazards constants and slopes graphic 
As we have already mentioned, the regional differences in innovation don’t only characterize the constants of the 
model, but also cover the slopes. Despite an overall positive correlation between the random components of the 
constants and slopes, the differences between these two components are not perfectly proportional. 
4. Conclusion 
Innovation is increasingly seen as an essential strategy for maintaining or changing the competitive position of 
companies. It is a concept widely established in developed countries, and an infinite number of studies available in 
the literature analyzing this phenomenon. However, developing countries studies are still a minority .This paper 
contributes to the literature by studying both theoretically and empirically, the phenomenon of innovation in a 
developing country. 
From an econometric viewpoint, the individual estimator presented interesting results that reach the results of 
previous studies (J. Mairesse and Mohnen P., 1999). Successful companies are those that spend more on R&D. 
Thus, the Tunisian companies have to spend more on research and development. This result justifies the important 
role of R&D in maintaining productivity and business competitiveness. This result is consistent with most recent 
studies on the determinants of innovation (Vega-Jurado et al. (2008). 
There is also a strong positive correlation between the cooperation agreements and the results of innovation. 
Cooperation with research laboratories, national or foreign organizations represents different ways whose objective 
is unique, i.e., filling gaps and insufficient internal resources needed for R&D, and the search for an optimal 
allocation of resources. 
According to what was expected, the export share and the share of foreign capital have a positive and significant 
impact on the innovation behavior of Tunisian companies. These two variables improve the probability of 
innovation companies. Competitive pressures facing companies operating in the international market stimulate these 
companies to increase their innovation efforts. 
Regarding the effect of the qualification and the skills measured by the rate of highly qualified personnel, our 
results show that the intensity of trained personnel is not correlated with the ability to innovate. 
The most innovative companies show better economic performance in terms of growth and turnover. This means 
that the turnover positively influences innovation. This seems predictable seeing that companies spend their turnover 
in various activities related to innovation and R&D. 
The results of estimating the ordinal model show that the sectors positively influence the intensity of innovation. 
Multilevel analyzes allow to take into account the effects of the regions, using random effects included in the 
different levels. Multilevel models take into account the hierarchical structure of the data during the estimation 
procedure parameters and their standard deviations. The results of estimating a multi-level model show that 
innovation differs from one governorate to another. In other words, innovation depends on individual characteristics 
(associated company), but also regional and sectorial characteristics (external factors to the company). 
Thus the important role that policy maker should play in promoting innovation in Tunisia. 
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